This study was conducted to assess the effects of the removal of pesticide residues and microorganisms from yuja (Citrus junos Sieb ex Tanaka) using a surface-washing system, under the following washing conditions: 0.11, 0.42, and 0.73 m/s spray rotation speeds; 0.6, 0.9, and 1.2 MPa water pressure and 0.046, 0.092, and 0.138 m/s conveying speeds. Tap-water treatment was used as the control. The washing efficiency when using squid ink was highly correlated with the conveying speed and the spray rotation speed. In addition, the highest washing efficiency was achieved when the water pressure was 0.9 MPa. The microorganisms were reduced to 0.40 log CFU/g for the tap-water treatment, and all the treatments, except those at the conveying speed of 0.138 m/s and the spray rotation speed of 0.11 rpm (6.07 log CFU/g), produced higher removal efficiencies compared with the tap-water treatment. Reductions of 2.20 and 2.05 log CFU/g were achieved at the spray rotation speeds of 0.42 and 0.73, respectively. The largest reductions were observed when the conveying speed was 0.046 m/s. Higher pesticide residue removal efficiency values were obtained at slower conveying speeds and higher spray rotation speeds. Higher than 50% removal efficiency was achieved when the spray rotation speed was 0.046 m/s for spirodichlofen, deltamethrin, benomyl, thiophanate-methyl, and acequinocyl. Especially, the removal efficiency for benomyl and thiophanate-methyl was more than 90%. It can thus be concluded that the pesticide residues in yuja can be effectively reduced by washing the latter with a less-than-0.092-m/s conveying speed and a higher-than-0.42-m/s spray rotation speed.
The use of pesticides is essential to control pests in horticultural crops, which are important to maintain an adequate food supply for an increasing world population.
They are known to increase agricultural production tremendously as these chemicals act on pests that destroy agricultural produce (1) . The crop yields which were cultivated without pesticides was about 30~80%. Especially, the yields of apple and peach were only 3 and 0%, respectively (2) . However, agricultural pesticides can have an adverse † Corresponding author. E-mail：jwjeong@kfri.re.kr In general, food is the main route of exposure to pesticides.
Especially, because fruit and vegetables are mainly consumed raw or semi-processed, it is expected that they contain higher pesticide residue levels compared to other food groups, such as products that are bread-based, which are subjected to cereal processing (4). Nam et al. (5) reported that residual pesticides were detected in 70 samples (19.7%) and 15 samples (4.2%)
at concentrations exceeding the maximum residue levels (MRLs) in 355 vegetables. Han et al. (6) also reported that the detection rate of pesticides was 70.8% and that this rate exceeded the MRLs (1.67%) in 120 fruits. Consumers are very much concerned about the health risks associated with the occurrence of detectable pesticide residues in their food supply. The results from a survey of consumer recognition showed that 87.6% of the consumers believed that pesticide residues were very dangerous (7).
Y uja (Citrus junos Sieb ex Tanaka) is a citrus fruit native to northeast Asia, including Korea, China, and Japan (8) .
Particularly in Korea, it is commonly used as a raw material for beverages, such as yuja-tea, which is made from marmalade-like syrup with sugar and sliced yuja (9) (10) . The high content of vitamin C and phenolic substances in yuja might be associated with significant health benefits (11) . It is already well known that citrus fruits are rich in flavonoids, most of which exist in the form of flavanone glycosides (FGs) such as narirutin, naringin, hesperidin, and neohesperidin (12) .
These phytochemicals have antioxidant capacity and may protect cells against oxidative damage caused by free radical.
These phytochemicals and anti-carcinogenic properties have been shown to be higher in the peel than in the flesh of the fruit (13) . Several studies have examined methods to remove pesticide residues from fruits (14-17) including washing, peeling, ozone treatment, cooking, etc. (18) (19) (20) (21) (22) .
However, no studies have examined the effects of mechanical washing on the removal of pesticide residues from yuja.
This study examined the efficiency of removing pesticide residues and microbes using a surface washing system with the goal of developing a method to produce safe yuja. The removal efficiency of pesticide residues and microorganisms was analyzed under different processing conditions including varying the spray rotation speed, conveying speed and water pressure.
Materials and Methods

Materials
The yuja that was purchased and used in the experiment was harvested in Goheung, Jeolla, Republic of Korea in Pesticide residue analysis and recovery study
The analysis of pesticide residue followed the method of the Official Analytical Method of Pesticides (23) . 20 g of yuja peel was put into a 300 mL beaker and was extracted for 1 minute by an homogenizer with 100 mL acetonitrile.
The extracted solution was then filtered and put in the separation bottle with 10 g of NaCl and was left for three hr for layered separation after shaking. 20 mL of the supernatant was taken and then evaporated under a stream inside the water bath under 40℃. The florisil cartridge (Waters, Milford, MA, USA) was preconditioned with 5 mL of hexane followed by 5 mL of 20% aceton/hexane. The extract of pesticides was put into a cartridge and 10 mL of 20% aceton/hexane were used to clean up the residue. After evaporating the extract again, it was dissolved with 2 mL of 20% aceton/hexane for analyzing GC (Gas chromatography). Washing rate of squid ink
The washing rate is shown in Fig. 2 Table 5 . The washing rate was highly correlated with the conveying speed and spray rotation speed. According to these results, the washing rate increased when the conveying speed was lower and the spray rotation speed higher. However, the washing rate was not correlated with water pressure. The optimal condition of water pressure was at 0.9 MPa through the response surface analysis, because the highest washing efficiency of water pressure ranged from 0.9 to 1.2 MPa (Fig. 3) . was 0.046 m/s. Lee et al. (24) reported that E. coli and B.
cereus counts of vegetables decreased 1~2 log CFU/g with micro-bubbles washing. Also the total bacterial counts of peach decreased 1 log CFU/g with physical washing method (25) . It was considered that the best conditions were above 0.42 m/s, a rotation spray speed and below 0.092 m/s, conveying speed for eliminating more than 2 log CFU/g of microorganisms.
Pesticide residues
The excessive use of pesticides results in widespread environmental problems such as a disturbance of natural balance, pesticide resistance, and hazard to a human being.
It has been reported peeling could reduce the pesticide residues from vegetables and fruits significantly (26) . But yuja need more effective washing methods for removing pesticides, because both flesh and peel of the fruit are used.
The surface washing system was used as an alternative to reduce pesticide residues and the result is shown in Fig.   5 . The chlorpyrifos was reduced to 34.99% after tap water treatment. When the apples were cleaned with tap water, a similar reduction ratio (39.35%) as reported by Choi et al.
was observed (27) . A higher removal ratio was observed for the treated samples than tap water with a reduction of more than 42.19% when the spray rotation speed was 0.42 m/s, regardless of the conveying speed. The removal ratio was (Fig. 5-(a) ). Yoon et al. (14) reported that the maximum removal rate of chlorpyrifos on apples using an ultrasonic cleaner was 39.2%. 
